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Introduction 


He: a fact that you just can’t water down: About 70 
percent of the world’s surface is ocean. People rely on 


these oceans — big time — because 90 percent of today’s 
global trade takes place on the ocean. Industry, governments, 
maritime authorities, and businesses need to have a compre- 
hensive picture of what’s going on at sea in order to protect 
people. 


Technology exists to address this critical need to have a com- 
plete global maritime picture. The Automatic Identification 
System (AIS) is an established technology for tracking mari- 
time activity, but it’s not without its visibility limitations; it 
can see only so far from the coast. That’s why Satellite AIS 
(S-AIS) is becoming more popular — the maritime commu- 
nity is literally seeing reliable vessel monitoring that goes far 
beyond what was once thought possible. 


And with more advances in satellite constellations and ground 
stations, the amount and quality of data that can be collected 
from space is increasing. Thanks to these advancements, 
S-AIS not only gives a complete global view of the entire 
world’s shipping but also is the only technology that tells the 
complete story of maritime activity. S-AIS enables the timely 
and accurate monitoring of ships across the globe. 


About This Gook 


This book is a reader-friendly guide to the basics behind AIS 
and S-AIS technology. Here’s what you can expect from each 
of the book’s five parts: 


Part 1: Exploring the Automatic Identification System — 
This part explains what AIS is, its uses, and how it works. 
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Part 2: Satellite AIS: Alerts from Space! — This part is 
where you can find out about the way satellite technol- 
ogy makes AIS an even more powerful tool for mariners, 
maritime authorities, governments, and businesses. 


Part 3: The exactView System — This part introduces 
you to exactEarth’s Satellite AIS system, including the 
benefits of using satellites to monitor activities at sea. 


Part 4: The Versatility of S-AIS — This part surveys the 
broad spectrum of applications for S-AIS. 


Part 5: exactAIS in Action —This part provides real case 
studies to show you how maritime authorities around the 
globe are using exactAIS. (Plus, it’s got pirates!) 


Foolish Assumptions 


If you’re reading this book, you’re likely one of three kinds of 
readers: 


You have no idea what Satellite AIS is, but you’re 
intrigued and ready to find out. 


You're familiar with AIS and want to discover how it 
works together with satellite technology. 


You know about the concept of Satellite AIS, but you’re 
wondering how it applies to real-life situations. 


Icons Used in This Book 


In the margins of this book, you’ll notice a few special aids to 
navigation so that you can find the information you want with 
ae ease. Here’s what they mean: 


This icon signals a tidbit of interesting information. 
g MBER 
& 


When you see the Remember icon, stay the course, because 
you’re about to read something important. 
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Ror Geeks ahoy! This icon points out information that is a bit 
a (OG) more technical in nature. You can skip it if you’d prefer, but 
Cae J you'll likely find it fascinating. 


Where to Go from Here 


One thing you don’t need for this book is a set navigation 
plan, because you can start reading wherever you want. 


If the topic of AIS is new to you, simply turn the page and start 
reading from Part 1. You can jump right into the information 
about satellites in Part 2, or if you already have a grasp of 

the subject and you want to know more about exactEarth’s 
services, check out Part 3. For more about the many applica- 
tions of S-AIS, Part 4 is your port of entry. And to read some 
concrete examples of exactEarth technology in action, set a 
course for Part 5. 


Bon voyage! 
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Part 1 


Exploring the Automatic 
Identification System 


In This Part 
Knowing what AIS stands for 
Introducing AIS 
Seeing how the technology works 
Unpacking AIS messages 
Meeting types of AIS devices 
Seeing the safety features 


Remembering AIS limitations 


T° part discusses the basics of AIS technology to give 
you an understanding of what the heck it is, how it works, 
and why it’s beneficial. And you get the straight truth about 
the system’s limits, along with some guidance on how they 
can be overcome. 


AlS: Acronym 
Introduction Section 


BE; A ry 
MBER If you remember only one acronym in this book, remember 


this one! The Automatic Identification System (or AIS) is an 
essential part of maritime safety. 


The familiar idea of two ships that pass in the night is a little 
sad in the poetic sense, but in reality, that’s exactly what 
ships should do. AIS was designed to prevent ships at sea 
from colliding, by allowing them to know the locations of 
nearby ships. 
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Knowing What AIS Is For 


MBER 
we 
& 


ar 


A vessel’s personnel use AIS to ensure the safety of the ship, 
and maritime authorities use AIS to track ships and monitor 
where they are and where they are going. 


AIS is a communications system based on radio frequency (RF), 
which is a form of wireless communications that uses the 
transmission and reception (sending and receiving) of electro- 
magnetic waves. These waves work very much the same as do 
wireless transmissions from and to cellular telephones. 


A ship’s AIS transponder (the device that sends and receives 
signals) uses a very high frequency (VHF) RF transmitter to broad- 
cast important information to receiver devices on other ships or 
land-based systems. By sending and receiving regular communi- 
cations about their identity and course, vessels can avoid colli- 
sion and navigate safely, even when they can’t see each other. 


Today, AIS transponders are so prevalent that the data they 
transmit and receive has become increasingly valuable, and 
not just to the vessels themselves. Naval forces, port authori- 
ties, coast guards, and other marine authorities use AIS data 
to improve their awareness of the current maritime situation. 








Since 2004, the 


AIS ahoy! 


International More than 60,000 ships worldwide 





Maritime Organization (IMO) has 
required AIS transponders to be 
aboard most vessels. The Safety 
of Life at Sea (SOLAS) Convention, 
Chapter V, states: “All ships of 
300 gross tonnage and upwards 
engaged on international voyages 
and cargo ships of 500 gross ton- 
nage and upwards not engaged on 
international voyages and passen- 
ger ships irrespective of size shall be 
fitted with an automatic identification 
system (AIS).” 


have installed these transponders at 
a combined cost of several hundred 
million dollars, making AIS one of the 
most successful maritime technology 
deployments of all time. Equipment 
that uses AIS technology is increas- 
ingly being deployed in smaller ves- 
sels, as well as radio/AlS-enabled 
aids to navigation (AtoNs), and it is 
also being installed on search and 
rescue (SAR) vessels and aircraft. 
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Discovering How AIS Works 


Even though you can’t see the signals, AIS isn’t magic; it’s 
advanced, interesting, and sophisticated (get it?) technology 
that is used all over the world. 


This section discusses how AIS devices share information 
with other ships and land-based systems. You also find out 
about the strategy AIS uses to organize all of these signals and 
get the timing just right. 


Broadcasting information 


AIS devices send out information about the ship automatically 
and regularly, typically every few seconds. 


AIS transponders on nearby ships or on land (for example, 

a vessel traffic services system) receive these signals. The 
information is displayed either on radar or on a chart plotter, 
showing ships’ positions and call sign information. 


When other ships and maritime traffic services know these 
key details, they can use them to ensure ships are following a 
safe course and to prevent collisions. So ship personnel don’t 
need to physically see where other vessels are located in 
order to avoid them. 


K , AIS combines technologies. It integrates a standardized VHF 
Ge) transponder with a positioning system, such as a long-range 
navigation system or global positioning system (GPS) receiver, 
with other electronic navigation sensors, such as a gyrocom- 
pass or rate-of-turn indicator. 


Using time slots 


The preceding section mentions how AIS communications 
happen regularly and automatically. Here, you can find out 
more about how that works. 
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g MBER 


TDMA 


AIS communications are based on a time division multiple 
access (TDMA) system, which permits each device to commu- 
nicate during a given time period, or time slot. So the signals 
aren’t being transmitted continuously, but only during their 
own time slots. 


TDMA is the original communications system that cellular 
telephones used to use, except that cell phones had continu- 
ous communication with the cell tower — imagine trying to 
have a conversation if they hadn’t! But ships aren’t always 
within range of a tower, so TDMA was not the complete 
answer. 


Each ship must have its own time slots to broadcast within. 

If they don’t, ships within close range of each other would 
constantly be competing for the same time slots when send- 
ing their position reports, and the AIS messages would be lost 
because of the resulting interference. 


SOTDMA 


Selforganizing TDMA (or SOTDMA) is the system that ensures 
AIS communications happen in an orderly way. It’s like 
making sure you make a reservation before going out to the 
best restaurant so that you don’t end up hungry. 


Before an AIS transmitter is able to transmit, it first listens to 
the AIS frequencies to build a picture (a time slot map) that 
indicates the slot locations of other nearby AIS transmitters. 
With this information, an AIS transmitter knows that when it 
does transmit, it won’t interfere with another AIS transmitter. 


Furthermore, with SOTDMA, the AIS device has to announce 
ahead of time which time slots it will use, and it can’t use the 
slots that have been reserved by another device. Think first 
come, first served — SOTDMA plays fair. 


So by listening first, the AIS transmitter knows where other 
transmitters are and which slots they’re reserving next. To 
make this fair, the slot selection is random, and each selection 
has a random timeout (the length of time the AIS transmitter 
will be permitted to continue to use the time slot). In this way, 
every device that receives the “preannouncement” notes that 
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those time slots have been taken, and then knows to choose 
different time slots to transmit its signals. SOTDMA is a very 
polite technology indeed! 


This system allows the AIS devices to organize transmissions 
around each other in both an efficient and a non-interfering 
basis. Again, thinking back to cellular wireless communica- 
tions, the limited range of these AIS signals over the ocean 
creates a cluster, or cell, of ships with AIS transmitters within 
communications range (so all ships can hear and be heard 
by other vessels). Within such a cell, these organized prear- 
ranged time slots and timeouts create an AIS communications 
cell. Figure 1-1 illustrates a communications cell made up 

of time slots. Depending on the ship’s speed and where it is 
going, the SOTDMA protocol will adjust the number of report- 
ing time slots required, making time slots from as little as two 
seconds for fast-moving ships to up to three minutes when at 
anchor. 


As vessels move, they may need to change their time slot 
assignments. So when an AIS device changes its time slot, 
it preannounces both the new time and the timeout for that 
location. Quite clever! 





Each time slot 
represents 26.6 
milliseconds 




















The AIS of ship A 
sends the position 
message in one time 
slot. At the same 
time, it reserves 
another time for the 
next position 
message 


The same procedure is 
repeated by all other 
AlS-equipped ships 


= oom 

a | sanmenenie, s 

me ship Ta 
Ship A 


Ship C 











Figure 1-1: A communications cell is made up of time slots. 
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When slots collide... 


The term maritime traffic is used for a good reason: Because 
so many vessels are coming and going, things can get really 
busy on the ocean (imagine your morning commute without 
the traffic lights and paved roads!). And just like on a busy high- 
way, with so many vessels passing in and out of AIS communi- 
cations cells, the possibility of slot collision (more than one AIS 
device attempting to use the same time slot) does exist. 


But just because slots collide, it doesn’t mean that vessels 
will. Slot collision doesn’t affect the AIS’s main goal of keeping 
ships safe. The ship that is closest will always have a stronger 
signal, ensuring that the more important AIS message, from 
the closer ship, will be received correctly. 


But what slot collision can affect are the stations that may 
be able to receive signals from more than one AIS communi- 
cation cell simultaneously, such as AIS base stations along 
coastlines and receivers on satellites. When an AIS station 
does receive AIS messages from different AIS transmitters 
that overlap in a single time slot, a collision will corrupt both 
originating messages at the receiver. From space, where many 
hundreds of such AIS communication cells can be heard, 

the likelihood of message collisions increases very rapidly. 
Without some form of decollision technology, the resulting 
AIS receiver can quickly become overwhelmed with colliding 
AIS messages. 


Looking at What an AIS 
Message Contains 


Re 


c) 


AIS messages contain a whole lot of information about a 
vessel, including details such as the following: 

Course 

Y Position 

» Rate of turn 

Speed 
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And in some cases, AIS messages may also send other infor- 
mation: 

Destination 

Estimated time of arrival (ETA) 

Ship name 

~ Type of vessel 


Checking Out Types 
of AIS Devices 


Several types of AIS devices exist, and they all interact with 
each other using AIS protocols and international performance 
standards. Having standards and protocols is important to 
make sure that all these devices are “speaking the same lan- 
guage” and able to communicate with each other. 


This section tells you about some types of AIS devices and 
what they must be able to do. 


The class of AIS device required to be carried on a particular 
vessel depends on the mandate the vessel falls under. For 
example, all vessels that fall under the International Maritime 
Organization’s mandate must carry Class A devices. Individual 
countries tend to require a mix of Class A and Class B devices, 
depending on the function and size of the vessel. Vessels that 
voluntarily carry AIS can carry any class of device, but they 
tend to carry Class B most often. 


Class A 


Class A devices are found on board vessels, and they are 
transceivers (meaning they pull double duty and can transmit 
and receive signals) that operate using SOTDMA. See what the 
device looks like in Figure 1-2. 
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om-trak Ua 














em-trak Marine Electronics Ltd. 


Figure 1-2: Class A AIS device 


Class A devices must do the following: 


Work with the ship’s radar and display systems 
Have an integrated display 

Transmit at 12.5 watts 

Be able to work with many of the ship’s systems 


Offer advanced features and functions 


Class 6 SO 


Class B SO devices (as in, it’s great to be so curious about 
AIS!) are also located on board ships and are transceivers 
using SOTDMA. In Figure 1-3, you see what they look like and 
how they’re a bit different from Class A devices. 


Class B devices must do the following: 


“ Work with the ship’s radar and display systems 
Have an integrated display 

Transmit at 5 watts 

Be able to work with many of the ship’s systems 
Offer advanced features and functions 
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em-trak Marine Electronics Ltd. 


Figure 1-3: Class B AIS device 


Class B CS 


Class B CS devices are located on board ships and are trans- 
ceivers, but they work using carrier-sense TDMA (CSTDMA), 
which is restricted to a single time slot for transmissions. 
Here are the other features of Class B CS: 


Are not required to have an integrated display, but must 
be able to connect to most display systems 


Transmit at 2 watts 


Have a default transmit rate of every 30 seconds (but 
this may vary according to the ship’s speed or special 
instructions from base stations) 


Have integrated GPS 


Be able to receive all types of AIS messages 


AIS SART 


A search and rescue transponder (SART) is a device that likes 
to play the hero. A SART uses AIS technology to find vessels 
in distress. It intermittently sends a position report and safety 
text message; however, it does not have a receiver. SARTs 
don’t give up easily, and they continue to send signals for 96 
hours after they’ve been deployed. They transmit at 1 watt. 
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AIS aids to navigation 


Aids to navigation (AtoN) are markers that help ships travel 
successfully, such as buoys. AtoN can be used by an AIS sta- 
tion to display its location on charting and radar systems. A 
station can then also transmit important information about 
weather and sea conditions to help vessels navigate safely. 


AIS AtoN devices can transmit at 1 to 12.5 watts, with trans- 
mission intervals of between one and three minutes. Two 
kinds of AIS AtoN devices exist: those that receive signals 
only through reserved time slots, and those that can send and 
receive through SOTDMA. 


AIS base stations 


AIS base stations are fixed (non-mobile) stations that mari- 
time authorities use to monitor and control vessel traffic. 
These base stations can also control other AIS devices, and 
have the following capabilities: 


Turn other AIS devices on or off 


Reserve time slots for special transmissions 


Control which time slots mobile AIS devices use 


Control the power level of mobile AIS devices 








Going coastal 


Port authorities and coast guards 
have a real interest in knowing about 
ship movements, so it’s not just the 
vessels that have gone into the AIS 
game. Many coastal AIS stations 
are being built to improve safety 
and security for a country’s shore- 
line. These systems are expensive 
to build and maintain, but they allow 
authorities to monitor vast areas of 
shoreline that, prior to AIS, needed 
far more costly systems to monitor. 


In general, coastal AIS has a range of 
about 50 nautical miles (see the end 
of this part for more about this), but 
the coverage area can be shorter, 
depending on a few factors: 


Site of installation 
Y Height of the antenna 


Y Volume of traffic in the area 
(which could lead to slot collision) 
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Though AIS transponders use “self-organized” time slots using 
SOTDMA, the base station is able to further impose even more 
efficient SOTDMA organization within its vicinity, ensuring 
communications in busy harbor areas. 


Considering the Safety Benefits 
of AIS Technology 


If you’re a safety-first kind of person, you may have flipped 
directly to this section. If you read through the rest of this 
part, you already know the main purpose of AIS is to prevent 
vessel collisions. But this technology also includes a host of 
other safety benefits: 


Xray vision: Well, sort of. Ships know the locations of all 
surrounding vessels, even when they can’t actually see 
each other. That’s because, unlike radar, AIS signals can 
actually “see” behind islands or around river bends by 
simply repeating the signal. So no ship can play a game of 
hide-and-seek; even when a vessel seems to be invisible, 
AIS can detect it and know where it is, which makes navi- 
gation safer and prevents collisions. 


“ Guide the way: Aids to navigation (AtoN) devices trans- 
mit AIS signals. This includes even physical aids such as 
buoys. (You can find out a bit more about AtoN in Part 4.) 


Signals from ship or shore: Either on-ship or shore- 
based stations can issue safety messages. So a ship that 
is adrift can broadcast an “adrift with no engine” warn- 
ing, stations can issue storm warnings to vessels, and 
ships can issue search and rescue information for emer- 
gency assistance. 


Neither rain nor sleet: AIS signals can be sent and 
received even in very poor conditions, such as in night- 
time heavy rain, in fog, or during snow squalls. 


Noting AIS Limits 


AIS is a widely used maritime technology that has become 
important to maritime authorities around the world. But it’s 
precisely the part about a round Earth that presents limita- 
tions for this system. 
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The 50-mile barrier 


curvature of the Earth. 


This range limitation can prevent maritime authorities from 
getting a complete picture of maritime traffic outside of their 


borders and on a bigger scale. 


Breaking the 50-mile barrier 


To be most effective and to operate as safely and efficiently as 
possible, authorities want to be able to know as much as they 
can about vessel traffic over the widest area possible. So how 
can they do this? You can find the solution not at sea, but in 


space! Part 2 explains more 
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Some say that the sky’s the limit, but in this case, it’s actu- 
ally the horizon. Because the Earth is round, AIS doesn’t have 
unlimited range. Its signal transmission is limited to approxi- 
mately 50 nautical miles. Imagine watching a ship sail off into 
the sunset on the horizon. If you keep watching (and if you 
have super-powered glasses that give you exceptional vision), 
eventually the ship will seem to disappear as it follows the 


Part2 


Satellite AIS: Alerts 
from Space! 


In This Part 
Using satellites with AIS technology 
Seeing more from space 
Looking at the two ways to detect signals from space 


4 art 1 tells you about the Automatic Identification System 
(AIS) and how it is essential to maritime safety. But it 
also acknowledges that this technology has its limits; namely, 
that AIS signals can’t reach beyond about 50 nautical miles. 
This is because the AIS signal travels in a straight line while 
ships follow the curvature of the Earth, so eventually the ship 
drops out of view. 


Of course, innovation is all about going beyond barriers, 
whether they extend to 50 nautical miles or the other side of 
the world. In this part, you find out how using satellites with 
existing AIS technology gives a comprehensive picture of 
vessel activity, even in high-traffic and remote areas. 


S-AIS: Out of This World 


Do you use a smartphone? Have you ever gone online to 
check out the forecast for a day at the beach? Used a global 
positioning system (GPS) device to find your way around a new 
city? Listened to the radio? If so, the chances are good that 
you've made use of satellite technology. 
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Satellite AIS (S-AIS) greatly extends the range of traditional AIS 
(refer to Part 1). As Figure 2-1 illustrates, signals are sent and 
received from many kilometers above land and sea, so the 
barrier of the horizon doesn’t limit these signals. 

















Figure 2-1: The extended range of S-AIS signals 
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gor With AIS, devices need to be fairly close together to commu- 

7 nicate. But S-AIS removes these barriers, and authorities get a 
much more complete picture of maritime activity in the areas 
in which they’re specifically interested. This provides many 
benefits, including the following: 


Improved ability to identify potential threats 
Better monitoring of vessel traffic patterns 


More cost-effective use of assets 


gore A bonus to getting the bigger picture is that S-AIS can be imple- 
* mented without additional hardware upgrades — vessels and 
stations are already outfitted with AIS technology! 


Getting the Gig Picture 
with S-AIS 


An increased need exists to get the complete picture of what’s 
happening in authorities’ territorial waters, including areas 
that are distant and isolated from ports and shorelines. 


Think of trying to put together a jigsaw puzzle with crucial 
pieces missing. It’s frustrating, and you don’t end up with the 
whole picture. That’s kind of what it’s like when maritime 
authorities attempt to get a complete picture of activity on 
the water without using S-AIS — without satellites, they’re 
always missing pieces of the puzzle! 


The initial idea for AIS was to prevent collisions between 
ships (refer to Part 1). Using AIS technology, vessels within 
close proximity of each other send signals to form a commu- 
nication cell, and each ship has its own time slot to prevent 
messages from getting mixed up, or colliding. 


A satellite can detect many of these communication cells at 
the same time. It can capture thousands of individual ships’ 
signals all at once. 


ay? Part 3 contains an overview of how exactEarth’s patented 
technology uses groups of microsatellites to provide a com- 
plete picture of ships’ activity in even the most remote areas 
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of the world’s oceans. Satellites take all the mystery out of 
these little-explored regions. 


Seeing the Two Types of S-AIS 


g NBER 


Detecting S-AIS signals can be done in two ways. This section 
looks at both of these methods for getting messages from 
space. 


On-board processing 


On-board processing (OBP) uses specialized receivers on satel- 
lites that work a lot like the standard AIS receivers on Earth, 
but they are more sensitive. 


OBP doesn’t require special processing and works well in very 
low-density areas, such as the Pacific Ocean where there is 
little traffic. 


However, OBP may not be as effective in detecting signals in 
areas that contain more than 1,000 ships, because of the slot 
collisions that high density can cause. This means OBP may 
not detect all messages during its first pass, or orbit, of an 
area, and may need to go over an area several times before it 
assembles a complete picture. 


And if a given area has quite a heavy volume of ship traffic — 
more than 2,500 vessels — OBP will have an even harder time 
giving a full, accurate picture. That’s because with so many 
signals, slot collisions will occur, and OBP isn’t capable of 
resolving colliding messages. 


The reason slot collisions occur is because the satellite is 
seeing multiple cells. Within a communications cell, an AIS 
device’s slot selection is randomized and tagged with a 
random timeout. When an AIS unit changes its slot assign- 
ment, it announces the new location and the new timeout. As 
vessels pass in and out of communications cells, the chance 
of slot collision grows. But because two channels for backup 
exist, and because the closer vessel is always heard first, slot 
collisions don’t affect the primary purpose of AIS — collision 
avoidance. However, slot collisions do affect receiver stations, 
which may hear multiple communication cells simultaneously; 
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for example, signals from AIS base stations on land and from 
satellites. (Refer to Part 1 for more details.) 


Spectrum decollision processing 


In spectrum decollision processing (SDP) the satellite listens 
and captures all AIS signals from across the AIS radio fre- 
quency spectrum. It then transmits all this information to 
Earth without trying to make sense of it. After the info is 
received on Earth, powerful computing is applied to sort out 
all the AIS messages from the noise of all the cells. It pro- 
cesses all of the information and decollides all the messages 
that were received simultaneously from vessels using special- 
ized algorithms. This method allows for the most ships to be 
detected. 


SDP works very well for areas with heavy maritime traffic, 
and it is important for detecting enough messages to get S-AIS 
working effectively. 


The first time a satellite with SDP technology passes over 

a given area, it can get a nearly complete picture of what’s 
going on down on the water, even in high-density areas with 
thousands of ships. So you are able to get an accurate picture 
of maritime activity much more quickly. 


Imagine you are James Bond on a mission. You are hiding out 
above a huge dining hall, spying on the diners below so you 
can get some top-secret intelligence. Hundreds of people are 
talking at once, and the noise of all these conversations is 
blending together. If you, as James Bond, were working like an 
OBP satellite, you’d have to try to interpret every voice and 
conversation from the rest of the noise by listening, trying to 
identify who said what, writing everything down as fast as you 
could, and then sending your notes, which likely didn’t cap- 
ture much, back to M at the Secret Intelligence Service. Using 
this method, you’d miss a lot of information. But if you had a 
special listening device that worked just like an SDP satellite, 
you could sweep up all the noise and send it back to voice 
recognition systems, which would extract every individual 
conversation while you visited the casino to break some 
hearts. 
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Part 3 
The exactView System 


In This Part 
Introducing exactEarth’s solution 
Saluting microsatellites 
Stepping up to the technology platform 


[:: first half of this book helps you to understand how the 
Automatic Identification System works, and how using 
satellites with this technology creates even more possibilities 
for maritime authorities and other organizations to keep ves- 
sels safe. 


This part introduces you to exactEarth’s own technology for 
Satellite AIS (S-AIS): the exactView system. 


Understanding exactEarth’s 
Technology 


exactEarth uses its own global satellite system and a patented 
advanced S-AIS detection technology. This unique technol- 
ogy has been developed to collect, process, distribute, and 
archive AIS messages received from ships all over the world. 


geben In Part 2, you can read about how it’s possible to sort out and 
& extract data from AIS signals, even when thousands of these 
signals are being received from one area. exactEarth’s tech- 
nology calmly handles the incessant ship chatter through its 
customized algorithms that put overlapping signals in their 
right place — even in the most crowded, high-traffic maritime 
areas. 
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With exactView, you get the most accurate picture of mari- 
time activity, no matter how many AIS messages are compet- 
ing to be heard. 


Microsatellites, Macro Benefits 


exactEarth’s technology works by using a constellation (essen- 
tially a group) of microsatellites that orbit the Earth. See 
Figure 3-1 for a look at this technology. These microsatellites 
are always in motion, passing over different areas as the Earth 
rotates, and will complete an orbit in approximately 90 to 100 
minutes. 

















Figure 3-1: Microsatellites 


While a traditional satellite is generally quite large, and 
weighs into the tons, a typical microsatellite weighs around 
100 kilograms (about 220 pounds). And, believe it or not, even 
smaller satellites exist, called nanosats and cubesats, weighing 
in at around 10 kilograms (22 pounds). exactView includes 
both microsatellites and nanosatellites in its constellation. 


Small is smart 


Microsatellites have many advantages over their bulkier 
brothers: 
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Cost: They can be designed, built, and launched for a 
fraction of the cost of traditional satellites. 


Time: They can be completed within a much shorter time 
frame. 


Technology: Because these smaller satellites cost less 
and are quicker to build, operators are more willing to 
use leading-edge electronics or software that can be con- 
sidered too risky to deploy on costlier, larger satellites. 


Microsatellites are ideal for wide-area surveillance, environ- 
mental monitoring, or remote-area tracking. 


Collecting the data 


The satellites’ job is to collect the AIS transmissions from 
every ship that is within the satellite’s field of view. These 
small satellites have a vantage point of about 650 kilometers 
(or about 404 miles) above the surface of the Earth, which is 
considered a low-earth orbit. But don’t let the word low mis- 
lead you — that’s low by satellite standards! Microsatellites 
have an enormous field of view, approximately 5,000 kilome- 
ters (3,107 miles) in diameter. 


ar Microsatellites’ low orbit allows them to detect transmissions 
from lower-powered equipment that is at either ground or sea 
level. 


Meeting exactEarth’s 
Technology Team 


As a leader in global S-AIS vessel tracking, exactEarth collects 
more ship monitoring data than similar organizations and 
delivers the highest quality information to customers around 
the world. This information gives a better awareness of the 
maritime situation to governments and commercial organiza- 
tions, whether they’re tracking a single vessel or monitoring 
vast areas of ocean. Figure 3-2 maps out the journey of S-AIS 
signals through exactEarth technology. 
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Figure 3-2: S-AIS signals travel from ship, to space, to ground, to customer. 


Not all vessel tracking organizations provide a full range of 
services, but exactEarth does. exactEarth combines innova- 
tive technology with traditional customer service to deliver a 
global maritime picture. Here are the elements that make up 
the exactView technology platform: 
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v AIS transponders: These transponders are the source of 
the data for the exactAlIS service. Because they’re already 
installed aboard 60,000 vessels worldwide, no changes to 
existing onboard equipment or procedures are required, 
which saves time and money. 


exactView is a sensitive and powerful system that can 
also detect signals from lower-power units, such as many 
search and rescue transponders (also called AIS-SART). 


¥ Satellite payloads: These are receivers that are design- 
ed to detect AIS signals that sit aboard the satellites of 
the constellation. Think of these as the “ears” of the 
technology. 


y Earth stations: (Also called ground stations, antennas, or 
dishes.) Earth Stations receive and/or transmit data to 
satellite platforms and can communicate with many dif- 
ferent satellite types. Many ground stations receive data 
from the satellites as they pass overhead on every orbit, 
several times a day. After the data is downlinked (or the 
signals get sent from space to Earth), it is then sent, fully 
encrypted, to the exactEarth data processing center. 


More and more ground stations (see what they look like 
in Figure 3-3) are being used around the world, and new 
stations are being developed for even faster data flow. 











Figure 3-3: A ground station 
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As satellites orbit the Earth, they collect data and trans- 
mit that data when they are in sight of a compatible 
earth station. A satellite passes within sight of an earth 
station many times within an hour, so a lot of data must 
be downlinked in a very short time. The exactEarth satel- 
lites use a dedicated high-speed downlink channel for AIS 
data to ensure that all collected data is retrieved. 


Operations center: Equally important to collecting all the 
data is that the right information gets to customers when 
they need it. The operation center manages collecting 
S-AIS data from the satellites and then ensures data is 
configured and distributed to the appropriate data feeds 
across the globe. 


Satellites don’t sleep, and so the operations center is 
monitored 24/7! 


Data processing center: Security and reliability are also 
essential to getting the most out of S-AIS technology. 
When data is sent from a satellite to an earth station, it 
is transmitted to the data processing center. It’s a fully 
secured computer facility in Toronto, Canada. 


The following systems are in place at the center to pre- 
vent any interruption or loss of data: 


e Fail-safe grid power feeds 

¢ Dependable diesel generating systems 

e Reliable cooling systems 

¢ Guaranteed fire suppression systems 

¢ Consistent fiber-optic connectivity to the Internet 
e Physical security personnel on-site 


/ Customer delivery: exactAlS data is delivered to com- 
petent maritime authorities over encrypted data links, 
in a variety of formats, including the standard National 
Maritime Electronics Association (NMEA), Over-the- 
Horizon-Gold (OTH-Gold), and Keyhole Markup Language 
(KML) formats and in CSV plain-text data format. 
exactAlS data is also available as an Open Geospatial 
Consortium (OGC)-compliant Web Map Service and Web 
Feature Service. 
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If exactView got a report card, the teacher would indi- 
cate that it plays well with others. It can easily integrate 
into different kinds of geospatial platforms and mapping 
systems. Also, customers can choose how to view their 
data. They can select an interface that works with their 
existing display system, a web-based display, or another 
complete ready-to-use solution. 
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Part 4 


The Versatility of S-AIS 


In This Part 
Seeing the many applications of S-AIS 
Keeping tabs on vessels 
Improving search and rescue 
Enhancing safety of people and governments 
Watching out for the environment 


Ses AIS (S-AIS) technology is many things, but it 
doesn’t have a one-track — or rather, one-signal — mind. 


Sure, it can track ships and keep them safe, but this is only 
the tip of the iceberg. S-AIS can be used for a huge number 
of purposes, and this part explores the possibilities and the 
many applications for this technology. 


Recognizing Uses for S-AIS 


Previous parts of this book explain how S-AIS technology is 
ideal for detecting and tracking ships. This capability, how- 
ever, has helped chart new courses for the technology such 
as the following: 
Monitoring vessels and the waters they navigate 
Enhancing search and rescue operations 


Ensuring the security of people, business interests, and 
borders 


Protecting the environment 
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Vessel Tracking 


Knowing where ships are and where they are going, even if it’s 
to the most remote places, has a host of benefits for maritime 
authorities and other organizations. Here, you find out about 
the ways Satellite AIS enhances vessel monitoring. 


Safer ship routing 


Maritime traffic isn’t quite as busy as on the expressway you 
drive to work, but it certainly is getting busier every year. 
Ships are under a lot of pressure to deliver their cargo on 
time, and they need safe and secure routes to do so. 


S-AIS can monitor vessels globally, with a reach that is far 
greater than radar or coast-based AIS systems (refer to Parts 
1 and 2 for more). It can automatically monitor a defined area 
or predetermined route, and warn maritime authorities if a 
vessel appears to be going off course. The S-AIS data about 
the ships can be combined with data about weather condi- 
tions or other conditions on the ocean, so maritime authori- 
ties can alert ships to change course and completely avoid 
dangerous areas. 


Enabling VIMIS (Vessel Traffic 
Monitoring and Information 
Systems) 


VTMIS enhance the safety and efficiency of maritime traffic, 
because they allow authorities to respond to incidents, acci- 
dents, or dangerous situations much more quickly. 


Seeing the big picture of maritime traffic means authorities 
can oversee all vessels more closely. S-AIS gives this big pic- 
ture. This way, authorities can make sure ships are following 
maritime regulations, recommendations, and safe practices. 
They can also use system data to know if vessels are heading 
into bad weather and warn them. 
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Ship reporting 


Many countries have mandatory or voluntary ship reporting 
systems, which give critical information for traffic monitoring, 
search and rescue, environmental protection, and customs 
and immigration. The problem is that the reports may not 
always be correct or complete, because some ships don’t take 
the time to do the required manual reporting. 


But all reporting with S-AIS is done automatically, so there’s 
no need for manual reporting. This means the data is com- 
plete and correct with each report. 


Remote region monitoring 


Monitoring remote region shipping in areas like the Arctic or 
coastlines of Africa is often a challenge, because the coastline 
is rather uninhabited with little or no industrial development. 
Infrastructure and systems are simply not in place in these 
regions as they are elsewhere in the world. 


S-AIS is ideally suited to monitor such remote regions and pro- 
vides a unique insight into shipping activities that take place 
there. Figure 4-1 illustrates some of the information S-AIS can 
glean about this region. 
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Figure 4-1: S-AIS demystifies the remote Arctic. 
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Using satellites, authorities can get a comprehensive view of 
Arctic maritime traffic trends, which they can use to design 
the safest and most effective shipping routes. 


Validation of ship declarations 


When vessels pass in and out of different waters, they can 
carry and transfer harmful aquatic organisms. In addition to 
harming the water, around 870 million tons of sulphur and 
nitrogen oxides, ozone-depleting substances, and volatile 
organic compounds get into the air through ships’ emissions. 
Although the International Maritime Organization (IMO) has 
several regulations to prevent such damaging effects, moni- 
toring a vessel’s compliance with declaration protocol can be 
difficult. Without S-AIS, maritime authorities need to rely on 
other, less efficient methods, such as periodic aircraft patrols. 


Using S-AIS, maritime authorities can track a ship’s time, posi- 
tion, heading, and speed, and they can also tell whether or not 
a ship made a required deviation in course. This can also be 
verified against the ship’s log. 


Efficient vessel traffic 
services (VTS) 


VTS was designed to improve the safety and efficiency of navi- 
gation, protect people’s lives at sea, and protect the marine 
environment. It uses data about vessel traffic that comes from 
coastal and radar surveillance techniques; however, this data 
can be somewhat limited, and participating in VTS is volun- 
tary in some areas. S-AIS provides coverage in coastal areas 
where radar would be too expensive, which extends vessel 
tracking services into more remote areas. This way, VTS is 
better able to help reduce the density of vessel traffic. 


Arrival management 


Ships are required to give authorities a notice of arrival about 
24 to 48 hours prior to arriving at port. With VTS, many agen- 
cies, such as the harbormaster and customs and immigration, 
use this information for daily activities. 
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Managing arrivals can be quite complex. S-AIS can monitor 
ships that are far out to sea, so authorities can better plan 
ships’ arrival times no matter where they’re coming from. 
S-AIS also provides information to stakeholders of the port 
systems so they can be prepared for the time of arrival. 
Authorities can then schedule administrative requirements 
well in advance, improving wait times for vessels. 


Effective vessel traffic analysis 


Hydrographic agencies need to analyze up-to-date ship traf- 
fic trends because sometimes areas that were once safe can 
change. But before S-AIS was used, charting activities in all 
bodies of water across the globe was not possible. 


With this satellite technology, traffic analysis can be done in 
remote coastal and offshore areas, where it couldn’t be done 
before — even in the most remote areas of the planet. 


Search and Rescue 


Often, vessels don’t report that they’re in distress until it’s too 
late — they send the distress signal at the last moment, or not 
at all. That leaves precious little time to coordinate a search 
and rescue effort. For successful search and rescue, people 

at the rescue coordination center need a current image of all 
vessels in the area so they can use resources efficiently and 
send help quickly. S-AIS data can make a big difference in 
search and rescue operations and, ultimately, save lives. 


Tracking and assisting 
distressed vessels 


S-AIS acts like a first responder because it’s well suited to 
assisting vessels in distress. Transmitted data identifies a 
vessel in distress — including its last known position — and 
can track a drifting vessel from the location of a distress call. 
S-AIS can also quickly identify which vessels are in the vicinity 
of a distress call, so that help can arrive as soon as possible. 
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S-AIS technology can also enable maritime authorities to be 
proactive about search and rescue activities. The informa- 
tion provided by S-AIS (Part 1 tells you what goes into an AIS 
message) allows authorities to create behavior patterns of 
traffic and individual ships, and they can use this information 
to better plan daily search and rescue patrols that are most 
effective. 


Casualty alerting 


Each year hundreds of maritime casualties are reported, 
including damaged vessels, loss of cargo, and, tragically, loss 
of life. Investigations try to determine the root cause of the 
incident and often point to vessels floundering after encoun- 
tering heavy weather, grounding, or colliding with another 
vessel or object. Here are some common problems these 
investigations find: 


Poor navigation 
Loss of propulsion 
Structural failure 


Steaming too fast for the prevailing ocean conditions 


S-AIS provides continuous coverage of vessels, even in harsh 
weather. It also lets authorities monitor the risk to traffic in 
areas of interest. This lets authorities intervene early and pre- 
vents serious incidents from happening. 


Natural disaster relief 


Natural disasters, such as the devastating tsunami on the 
Pacific Rim in early 2011, bring massive destruction to coast- 
lines and land and can also wreak havoc on surrounding 
waters and vessels in those waters. 


Nasty weather and natural disasters mean bad news for tra- 
ditional coastal surveillance systems, because these adverse 
conditions can disrupt signals. But S-AIS gives consistent 
coverage in all kinds of weather, over a wide area. With S-AIS 
signals, authorities can refine search areas when looking for 
people and vessels in distress, and compare a traffic image 
before and after a dangerous weather event to find survivors 
in the area. 
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For maritime authorities, gazing out at their massive pro- 
tection zones can be like looking at one big potential crime 
scene. Harmful, threatening, illegal activity may be happening 
anywhere. Satellite AIS can help bring vast monitoring zones 
down to a much more manageable size, lessening those risks 
for safer and more secure maritime activity. 


Piracy monitoring 


Pirates may conjure up visions of kids’ fairy tales, but modern 
sea piracy is a big international problem. According to the 
IMO, this problem costs about $7 to $12 billion each year. 


Although more than half of pirate attacks happen around the 
Horn of Africa and the Gulf of Aden, piracy is also happen- 
ing around Southeast Asia, South and Central America, the 
Caribbean, and West Africa. 


S-AIS data provides the ability to detect changes in a vessel’s 
velocity and any disparities between its course over ground 
(COG) and the ship’s heading, which may indicate that a 
vessel is drifting or was pirated. By observing such factors, 
ship operators have the ability to alter their course when 
required. 


S-AIS data can also be used to identify and analyze traffic pat- 
terns in highly pirated waters to help authorities determine 
safer shipping routes. 


Smuggling prevention 


Incidents of maritime smuggling are on the rise. Drug traffick- 
ing overseas has practically become its own industry. Many 
sophisticated anti-trafficking strategies are established, but 
drug shipments are still making their way overseas. 


One challenge that maritime security forces have to cope with 
is that the handoff of illegal drugs often happens out of the 
range of regular coastal AIS, so it goes undetected. But S-AIS 
can track large international vessels and note where they may 
stop or slow down unexpectedly, providing an indication of 
when a drug handoff may be taking place. 
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Mitigating infectious disease 


Ships that travel across the globe are at risk of passing on 
human or animal disease not only to crew on board but 

also to anyone who comes in contact with the ship at port. 
Some kinds of cargo are also prone to infestation by rodents, 
insects, and their larvae. Even when precautions are taken, 
ships can still arrive at their port of destination with infesta- 
tions or infections on board. 


By tracking ships globally, S-AIS is able to locate ships trav- 
eling through infestation hot spots and can also validate a 
ship’s declared voyage to ensure no deviations en route took 
place into diseased locations. 


Increasing vessel safety 
in hostile waters 


Conflicts between countries can overflow into international 
waters, disrupting global shipping. Hostile military forces can 
threaten the safe passage of ships close to their shores. 


The information monitoring authorities acquire through S-AIS 
helps to plan safe escorts and manage convoys to keep ships, 
cargo, and crews safer when in unfriendly waters. 


During voice communication between vessels or between 
vessel and shore, a possibility exists that the wrong people can 
pick up on routing information or security plans. S-AIS data is 
encrypted and more secure than voice communication. 


Vessel identification with radar 
and digital imagery 


Threats and illegal activities around borders are a problem for 
national governments — keeping their borders secure is a pri- 
ority. The problem is even more complicated at sea because 
getting an accurate picture of maritime activity is more 
difficult. Some reasons are a lack of resources, inefficient 
surveillance techniques, and vast areas of oceans that are 
unmonitored and can be used by vessels to avoid detection. 
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By fusing Satellite AIS with radar and digital imagery, authori- 
ties can put together a much clearer picture to know exactly 
who is in their waters. 


Using radar and digital imagery gives data in real time. It 
makes identifying vessels more accurate because the S-AIS 
messages provide relevant information about the nearest 
ship — name, time stamp, course, and so on. With radar, even 
ships that have deactivated their AIS can be detected before 
and after the device is turned on and off, and then S-AIS can 
verify the ship’s information. And by measuring the radar 
image against the AIS message, authorities can know a ship’s 
length and width, so validating the ship is made easier. 


Monitoring aids to navigation 
operations 


Many aids to navigation (AtoNs), such as buoys, are equipped 
with AIS that show their positions on vessels’ bridge displays. 
S-AIS has much greater range than traditional VHF reception 
and covers all areas where remote AtoNs may be deployed. 
Using S-AIS data, authorities can send status reports and 
check on buoys or other AtoNs to ensure they’re working 
properly. If they need maintenance, authorities are then able 
to schedule repairs and send a worker to fix any issues, as 
needed. 


Deep-sea buoys can be quite large, and vessels can be in big 
danger if they can’t detect a buoy’s presence. By receiving status 
reports on AtoNs through S-AIS, authorities can know when a 
buoy is in an “off” position, and then quickly issue safety notices 
to mariners in the area so they can avoid collision. 


Environmental 


Today, more than ever, the state of the environment is on the 
minds of governments, businesses, and individuals. Thanks to 
S-AIS, steps can be taken to control, preserve, and protect the 
world’s natural resources. 
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Pollution control 


Although dumping things in the ocean may appear to make 
them disappear and culprits assume the adage “out of sight, 
out of mind” applies, putting certain harmful substances 
into our oceans is actually regulated under the MARPOL 
Convention (also called the International Convention for the 
Prevention of Pollution from Ships). It prohibits ships from 
discharging harmful or dangerous substances, such as oil, 
noxious liquids, plastics, and ozone-depleting substances, 
into the ocean. 


Find out more about MARPOL on IMO’s website at www. 
imo.org. 


Tracking vessels with S-AIS helps governments determine 
when prohibited discharge regulations are being violated. 
Through S-AIS, maritime authorities can confirm the positions 
and locations of ships recorded in the onboard logbooks and 
find any discrepancies in reporting. 


Data collected with S-AIS can also point to other suspicious 
activity that may be related to pollution. If the data shows 
that a ship has deviated from its preset course, it may indi- 
cate that the ship is trying to hide prohibited discharge and 
avoid getting caught. 


Environmental preservation 


Evidence is piling up that the state of the world’s oceans and 
the marine life within them is declining. To try to improve 
the situation, many areas are designated as Marine Protected 
Areas or Particularly Sensitive Sea Areas. Access to these 
areas is strictly limited or forbidden to protect these fragile 
ecosystems from the harms of industrial activity. 


As Part 2 discusses, S-AIS is perfect for monitoring ship traf- 
fic over large areas of ocean because it has a much bigger 
vantage point from space than land-based systems do. It 

can also zero in on a particular area and collect data about 
the activities taking place there. S-AIS can track and report 

on ships that are navigating into environmentally sensitive 
remote areas, areas that are out of the range of land-based AIS 
devices along the coast. 
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Fisheries protection 


Fish populations across the world’s oceans are in serious 
threat after decades of overfishing. Today, illegal and unregu- 
lated fishing is threatening to wipe out entire species. 


With S-AIS, maritime authorities can validate a ship’s reported 
position by comparing the latitude and longitude of the AIS 
coordinates. Authorities can then identify spoofed position 
reports of ships in commonly fished waters to see where ille- 
gal fishing may be taking place. Spoofing is when a ship pur- 
posely reports a position other than its actual position. 


S-AIS also extends coverage into remote waters where fish- 
ing may not be permitted, so authorities can prosecute more 
violators. 


Large reefer ships (ships that are able to freeze or refrigerate 
large quantities of fish) are used regularly as “mother ships” 
by pods of fishing vessels that are fishing illegally. Reefer 
ships are quite large and fall under the IMO mandate — they 
require a Class A AIS transponder (refer to Part 1). The reefer 
ships will anchor outside of EEZ (exclusive economic zone) 
coverage and act as a collection point for a group of smaller 
vessels that are doing the illegal fishing. Satellite AIS uncovers 
this scheme easily because it shows the pattern: many fishing 
vessels that stay generally in a small zone but return to an 
area where a reefer ship awaits its haul. 





Something's fishy 





A report by the United Nations 
Fisheries and Agriculture Organization 
states that 53 percent of the world’s 
marine fishery resources are either 


fully fished or fished to the maximum 
sustainable level. Another 32 per- 
cent of resources are overfished, 
depleted, or recovering. 
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Even if the reefer ship turns off its AIS, you can identify the 
illegal, unreported, and unregulated (UU) behavior from the 
ships that keep returning to the same point. If the fishing 
vessels turn off their AIS, again, you can determine that IUU 
fishing is going on because you can see a large reefer vessel at 
anchor in the middle of the ocean. 
\? 

7 If ships turn off their AIS, they become targets for investiga- 

tion simply because they aren’t using AIS. 
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Part 5 
exactAl$ in Action 


In This Part 
Monitoring ships in the Arctic 
Saving lives 
Fighting pirates 
Overseeing protected areas 


ic part makes the case for exactAlIS data. It takes you 
through four concrete examples of this technology to 
help broaden your own view of the sorts of benefits that 
exactAlS has to offer. 


Vessel Monitoring Case Study: 
Arctic Monitoring and Shipping 


Although this enormous region was once rarely explored, the 
Arctic Ocean is becoming more important than ever before. 
That’s because as sea ice melts a little more each year, the 
region opens up to more and different kinds of development, 
and shipping in the Arctic becomes a bigger business all the 
time. 


This area is seeing more commercial ships, tourist cruises, 
research ships, coastguard icebreakers, exploration survey 
ships, and fishing fleets. The area is rich in mineral resources 
and aquaculture. Passenger vessels give people access to 
the spectacle of sea ice, research vessels search for miner- 
als, supply vessels serve mineral extraction installations, 

and tankers and bulkers transport minerals and extracted 
resources. 
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Opening new routes 


Retreating ice is opening up the Canadian Northwest Passage 
and the Russian Northern Sea Route to regular commercial 

shipping, which can perhaps have the biggest effect on ship- 
ping in the region. See the vessel tracks from 2011 in Figure 5-1. 
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Figure 5-1: Arctic vessel tracks in 2011 











Under the ice 


You've heard of global warming, but 
did you know that Arctic regions 
are warming at around twice the 
rate of the rest of the planet? As the 
Arctic ice melts and its landscape 
changes, relations among humans 
are also being affected as this region 
becomes more accessible than ever 
before. Countries and industries, 
such as oil and gas, are strategically 


making claims to the Arctic land and 
its natural resources. Researchers 
are lobbying to study the region, and 
visitors want to explore this myste- 
rious place. All this new interest in 
the Arctic is big news for the ship- 
ping industry. This means getting 
an accurate picture of the Arctic is 
more important now than ever. 
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gore Both the Canadian Northwest Passage and the Russian Northern 
Sea Route are good alternatives to already-established sea 
routes. The journey by ship from North America’s Pacific 
Coast to Western Europe is one-third shorter using the 
Northwest Passage than by using the traditional Panama 
Canal route. Using the Russian Northern Sea Route offers ship- 
ping an alternative to the Asian/Western Europe route and 
avoids the potentially dangerous Suez Canal route and the 
incredibly long voyage around the African Cape. 


R 


On thick ice 


Monitoring and understanding the changes in Arctic ship traf- 
fic is vital not only to provide reliable information to safely 
guide Arctic shipping in the future but also to understand 
what effects all this activity will have on this fragile and rap- 
idly changing ecosystem. 


A heightened risk to the safety of aquatic life and damage to 
the sensitive environment are caused by the increased num- 
bers of vessels involved in Arctic tourism, mineral extraction, 
fishing, and the transportation of goods. Furthermore, the 
ability to monitor traffic and respond to incidents is severely 
restricted because of the climatic conditions and limited 
rescue resources. 


The region is also notorious for its poor visibility for vessel 
traffic. Arctic regions are some of the most hostile maritime 
environments on the planet, for reasons such as the following: 


Ice can accumulate on vessels, leading to instability. 


Ships are in danger of colliding with icebergs and growl- 
ers (smaller icebergs), which are not easily detected by 
radar. 


Sea ice is thick in winter and can pile up in summer 
months, making certain areas impassable. 


gore To make Arctic regions easier and safer to navigate, an 

« International Code of Safety for Ships in Polar Waters (Polar 
Code) is being developed, with support from the International 
Maritime Organization (IMO). The Polar Code requires all ves- 
sels traversing these waters to be equipped with AIS. 
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How S-AIS helps 


Monitoring Arctic activity is a challenge. The coastline is 
remote and uninhabited, with little or no industrial develop- 
ment. Infrastructure and systems are simply not in place as 
they are elsewhere in the world. S-AIS technology is making 
travel, tracking, and shipping through Arctic regions much 
safer than ever. 


S-AIS is ideally suited to monitoring remote regions. The data 
collected provides safety agencies, national authorities, com- 
mercial companies, and research institutes with new insight 
into ship traffic movements. This helps to analyze risk to ves- 
sels, the environment, and individuals’ safety. Here are some 
examples of the benefits of exactAIS in the Arctic: 


 exactAlS is able to receive AIS outside the coverage of 
coastal AIS and is particularly advantageous in areas 
where coastal technology is too expensive. 


The data gives authorities the ability to monitor the vast 
region and identify ships traveling through remote areas, 
where previous surveillance systems had limited or no 
detection. 


 exactAlsS is easily integrated with data that forecasts 
weather and ice conditions, which enables the implemen- 
tation of vessel traffic monitoring and information ser- 
vices (refer to Part 4 for more on VTMIS), especially for 
the northern sea passages, to allow vessels to navigate 
safely even in the area’s heavy fog conditions. 


 exactAlS allows for critical tracking of passenger ships in 
Arctic waters to ensure they’re following the directions 
of coastal state authorities and adhering to important 
safety measures. 


¥ Data also enables authorities to monitor other vessels 
that are traveling in the vicinity of passenger ships, in 
case they may be required to take on passengers ina 
rescue operation. 


 exactAlS provides more frequent AIS coverage over 
the Arctic region than any other system by delivering a 
better understanding of Arctic maritime traffic trends. 
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Search and Rescue Case Study: 
Casualty Alerting 


Shipping is essential to the global economy because it’s likely 
the most international of all the world’s great industries, but 
it’s also one of the most dangerous. 


Each year, hundreds of maritime casualties occur; vessels 
sustain damage, cargo is lost, and, tragically, people lose their 
lives. 


Safer shipping 


The world’s oceans are vast, and incidents happen for many 
reasons. The effects of marine accidents aren’t limited to just 
humans; they also involve marine creatures and the marine 
environment and ecosystem. 


The investigations that are launched to determine the root 
cause of these incidents often point to the following problems 
with vessels: 


 Floundering when encountering heavy weather, ground- 
ing, or colliding with another vessel or object 

Y Navigating poorly 

Losing propulsion 

/ Having a structural failure 

Steaming too fast for the prevailing ocean conditions 
Although new safety standards are emerging, shipping is, 
and always will be, full of risks. But internationally adopted 
standards for ships, mariners, and shipping management 
are improving shipping safety for safer business and cleaner 


oceans. You can see the navigation behavior of a ship in dis- 
tress in Figure 5-2. 
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Clelia II: Passenger Ship in Distress 
Drake Passage 
December, 2010 





Navigation Behaviour 
A Cause for Alarm 
A Suspicious Navigation Behaviour 


Navigation is Normal 




















Figure 5-2: Navigation behavior for a ship in distress 


How S-AIS helps 


exactAlS can help to save lives by making shipping a safer 
business in the following ways: 


Providing continuous coverage of the vessel, even in bad 
weather 


Allowing authorities to monitor risks in certain areas and 
intervene before disaster strikes 
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Providing a complete set of vessel information to prop- 
erly assess when a vessel is in danger, so authorities 
know the best way to assist 


Assisting in detecting vessels that are sailing at an unsafe 
speed 


Being able to combine its data with data about weather 
and sea conditions to know if a vessel is traveling too fast 
for the current conditions 


Security and Surveillance Case 
Study: Preventing Piracy 


Modern-day piracy is a serious international problem, which 
you’ve no doubt heard about on the news in the past few 
years. Pirate attacks are drawing global attention, and pirates 
are increasingly prone to using violent force with automatic 
weapons and rocket-propelled grenades to seize vessels. 


Unfortunately, crime can happen just as easily at sea as it 
does on land. Acts of piracy, armed sea robbery, environmen- 
tal degradation, illegal fishing, and the trafficking of drugs, 
humans, and small arms are a few examples of what authori- 
ties are up against. These illegal activities are happening in 
both national and international maritime waters, and area 
threat to governments and businesses alike. 


The good news is that in the continuing fight against illegal 
activity at sea, more attention is being paid to finding solu- 
tions for identifying suspicious vessels. 








exactEarth against piracy 


exactEarth is currently supplying — plays a key role in anti-piracy opera- 
data to the North Atlantic Treaty tions to create a better understand- 
Organization (NATO) Shipping Centre _ing of piracy operations and improve 
in conjunction with Operation Ocean decision making and the effective- 
Shield, a counter-piracy initiative ness of joint operations. 

headed up by NATO. exactAlS data 
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The high cost of piracy 


With more than 12 percent of the avoiding the area altogether, which 
total volume of oil transported by leads to longer voyages, lost earn- 
sea flowing through the pirated area__ ings, and higher fuel costs. 

of the Gulf of Aden, many ships are 








How S-AIS helps 


With the exactAlIS technology, preventing piracy is becoming 
easier: 


¥ The data provides the ability to detect changes in a ves- 
sel’s velocity, as well as disparities between course over 
ground and the ship’s heading — all of which are signs 
that can indicate that a vessel is drifting or pirated. 


Operators are able to observe changes in velocity to alter 
course when required. 


Satellite data can identify maritime traffic patterns in 
highly pirated waters. These patterns can be analyzed to 
create safer shipping routes, so ships can avoid danger 
altogether. Figure 5-3 shows ships avoiding piracy areas. 


The data provides historical tracking that allows for 
deeper analysis into a ship’s behavior, so authorities can 
know when a vessel may be at risk. 


” Data can be used to form convoys and to guide vessels 
through a protected route, reducing the risk of possible 
pirate threats. 


 exactAlS data can help authorities enforce anti-piracy 
rules in efforts to deter future attacks. 


The wide-area coverage provided by exactAlIS gives 
enough information to thoroughly analyze and identify 
high-risk targets. 


 exactAlS data can be used to help detect pirated ships 
earlier, so naval forces can respond more quickly. 
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Figure 5-3: Ships avoiding commonly pirated areas 
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Environmental Protection Case 
Study: Guarding Sensitive Areas 


Oceans and coasts host some of the most productive eco- 
systems on earth, providing food and livelihoods to millions 
of dependent local communities, sustaining local and national 
economies, and supporting cultural services to human 
communities. However, the past decades have proved that 
marine ecosystems and resources are limited, vulnerable, 
and becoming increasingly degraded. Evidence is piling up to 
show that the world’s oceans are in trouble because of pollu- 
tion, and the world’s fish populations are severely declining. 
Thousands of protected or environmentally sensitive sea 
areas have been created to try to fight these problems and 
protect the oceans. 
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Keep out of these areas 


A particularly sensitive sea area (PSSA) is vulnerable to being 
damaged by shipping activities, and it needs special protec- 
tion because it’s important for ecological, socioeconomic, or 
scientific reasons. 


A marine protected area (MPA) is any area that is protected by 
law because it has important flora or fauna, or historical or cul- 
tural features. The Great Barrier Reef is an example of an MPA. 


Areas to be avoided typically include wind farms or oil and gas 
fields. They’re areas within defined limits where navigation is 
especially hazardous for ships. No vessel traffic is permitted 
in these areas. 


How S-AIS helps 


exactAlS can help to protect ocean environments in the fol- 
lowing ways: 


Allowing authorities to monitor remote coastal regions 
and areas farther offshore that coastal AIS can’t monitor 


Monitoring any vessels entering into protected zones to 
help authorities prosecute violators 


Providing historical data to analyze shipping patterns 
and trends to see if any changes are required to ensure 
vessels avoid the protected zones in the future 


In Figure 5-4, you can see an overview of the Great Barrier 
Reef in Australia, and how exactAIS technology helps to moni- 
tor the vessels entering the region. 
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Monitoring Environmentally, Sensitive/Areas 
Great Barrier)Reef, Australia’ 


Figure 5-4: Monitoring environmentally sensitive areas 
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Completing 
the maritime picture 
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